introDUction
The aromatic natural resources of the Amazon are considered an appropriate renewable source for the production of essential oils and flavors, as well as it is a clear economic alternative to sustainable development, with real prospect of generating wealth for the region. For the production of new materials, based on the odoriferous flora, it is necessary to extend the scientific knowledge of species with economic potential, aiming to subsidize the public and private sector in the implementation of projects with technological impact, with views to the regional growth of agribusiness. The essential oils and aromas produced in the region can be used as raw materials in the fine chemical industry, for direct application in products such as perfumes, fragrances and cosmetics, or by processing into structural derivative products with use in the industries of medicines (phytopharmaceuticals) or veterinary and horticulture (insecticides, fungicides, bactericides, larvicides).
Aromatic species with occurrence in ecosystems as diverse as the Amazon are under permanent pressure environment, given the action of man in the exploitation of forest resources which is still very predatory, in addition to deforestation and burning required by the development of the region. The rate of extinction of aromatic species that occurs in areas under environmental pressure appears to be very high, considering the difficulty for the recollection of a plant from the same place, which means that it is imperative and urgent to establish inventories of the Amazon aromatic flora in the order to increase the source of new raw materials. In addition, government measures must be taken to protect areas under environmental pressure, particularly from the highland forest and savannas, which are most affected, and the creation of genetic banks of species with high economic potential. The economic use of indigenous aromatic flora is done systematically by the producers of essences, due to lower demand for primary agriculture. However, few countries have many different specimens in ecosystems as diverse as the Brazilian Amazon. Thereby, we will only repeat what is traditionally done in the first world countries, promoting a positive effect on the region's economy.
Previous to the inventory of aromatic flora of the Amazon, that we are promoting for 30 years, the scientific and technical knowledge of the aromatic plants was recorded in a few scientific articles, in books of regional circulation and in the Office of Foreign Trade of the Bank of Brazil, the portfolio responsible for the export of related products.
If we look at the extrativism matter, in the past eight decades only the essential oil of rosewood (Aniba rosaeodora Ducke and Aniba duckei Kosterm.), The oil-resin of Copaiba (Copaifera spp) and the seed of Cumaru (Dipteryx odorata Willd.) has been commercially exploited in the Amazon region.
In recent years, there has been the existence of a small trade of sachets for flavor and closets of clothes, prepared with imported essences and enriched by roots, powders and scrapings of native plants, as well as alcoholic extracts obtained from some species with occurrence in the region. Among the plants used in the enrichment of the sachets are arataciú (Sagotia racemosa Baill., Euphorbiaceae), macacaporanga (Aniba fragrans Ducke, Lauraceae) and vetiver [Vetiveria zizanioides (L.) Nash, Poaceae]. The plants used for the production of alcoholic extracts, or oil in small volumes, are catinga-de-mulata (Aeollanthus suaveolens Mart. ex Spreng., Lamiaceae), casca-preciosa [Aniba canelilla (Nees) Mez, Lauraceae], priprioca (Cyperus articulatus L., Cyperaceae) and estoraque (Ocimum micranthum Will., Lamiaceae).
Among the regional companies that produce or use extracts, perfumes and regional colonies, the main ones are: Chamma da Amazônia (Belém), Ervativa (Belém) and Mysteres d `Amazonie (Manaus). At the national level, some products are marketed by Natura based on commercial exploitation of priprioca, cumaru and breu-branco (Protium pallidum Cuatrec., Burseraceae), in association with communities of small producers of Pará and Amapá. At international level, there was the participation of Takasago who tried to cultivate near Belém (PA) the patchouli (Pogostemon heyneanus Benth., Lamiaceae) and canforeiro [Cinnamomum camphora (L.) J. Presl, Lauraceae], some 20 years ago. The cultivation of such plants has not been successful, probably by high rainfall in the region. The company L´Atellier Parfums, from São Paulo, maintain a close business relationship with the regional companies, on development of colonies and perfums formulations using imported essences and extracts and essential oils produced in the Amazon region. Major international companies in the areas of perfumes and cosmetics, as Firmenich, Givaudan, IFF and Dragoco, have shown great interest in the purchase of new essential oils produced locally, but without the intention to invest in the production of these oils.
From our knowledge, no other aromatic plant besides those mentioned, is part of the trade and exportation of the Amazon region.
In fact, there are no experiments in the Amazon region for cultivation and commercial exploitation of aromatic plants producing essential oils and flavors, based on agronomic work well addressed.
The process is still of extrativism for most listed species or, at most, follows the work of small producers in household gardens, so small scale. For a region with rich flora and with so many economic opportunities is important that the systematic cultivation of the aromatic plants can be done steadily.
It was in this sense that we decided for the establishment of a technology of cultivation and processing in the field for commercial exploitation of the pimenta-longa (Piper hispidinervum C. DC., Piperaceae), a shrub endemic in the state of Acre, Brazil, with high yield in essential oil rich in safrole. [1] [2] [3] The pimenta-longa was discovered near the old airport in Rio Branco (AC), in July 1972, while expecting a delayed flight to Manaus. Then, we found that this species occurs in a large area with a radius of 100 km around Rio Branco. The world demand for oil rich in safrole is very significant, considering that this phenyl ether is the precursor molecule for obtaining the piperonal and piperonyl butoxide. The first is used in industry for fine fragrances and perfumes. The second is a synergistic agent of pyrethrum [Chrysanthemum cinerariifolium (Trevis.) Vis., Asteraceae], a natural insecticide widely used in industrialized countries. The piperonyl butoxide is used to stabilize and strengthen the action of the active pyrethroids in the pyrethrum, resulting in a product with certified "green and biodegradable," without the risk of contamination to the environment, commonly offered by the synthetic insecticides.
Lately, we conclude the work of domestication and management of pimenta-de-macaco (Piper aduncum L., Piperaceae), whose essential oil is rich in dilapiol, another phenyl ether with higher pattern of oxygenation than the safrole, which showed fungicide, bactericide, insecticide, larvicide and molluscicide activities. [4] [5] [6] [7] As mentioned above, we are conducting the inventory of the aromatic flora of the Amazon about 30 years. The extensive area of the Amazon region and the absence of scientific and technological knowledge for plants with economic potential motivated this survey, which started in 1980 at the Instituto Nacional de Pesquisas da Amazônia (INPA) in Manaus (AM). The work with the inventory continued at Museu Emílio Goeldi (MPEG) and Universidade Federal do Pará (UFPA) since 1985, with the collaboration of the Comissão Executiva do Plano da Lavoura Cacaueira (CEPLAC), Universidade Federal Rural da Amazônia (UFRA) and Instituto de Estudos e Pesquisas do Amapá (IEPA).
We have strongly contributed to increasing knowledge of the aromatic flora of the Amazon with the publication of books, chapters of books, scientific papers and abstracts of papers in national and international journals. Currently, more than 350 publications on the relevant aspects of botanical and ethnobotanical, the chemical composition of essential oils and flavors, the biological activity and the technology of cultivation and processing of economically viable species were published. These publications derive from the Database of Aromatic Plants of the Amazon, which was established by us. [8] [9] [10] [11] [12] [13] [14] Today, the database has a record of more than 1,200 specimens, providing important and valuable information on the economic potential of these plants. The following information can be found in the database: botanical family, identification of botanical species and their synonyms, common names of plants, uses popular, parts of plants that provide essential oil or aroma, oil yields, local collection of the plant, types of habitat, geographical distribution, botanical characteristics, ecological and agronomic aspects, biological activities of the plants and their oils and extracts, chemical composition of essential oils and flavors, chromatograms and massa spectra, references and photographs of plants.
This work presents information on the database of the Amazon aromatic plants and their essential oils to dissemination of knowledge for the Brazilian Society of Chemistry.
material anD methoDs
The plants were collected following the traditional method used by botanists in field expedition. The collections were made mainly with fertile material to ensure unequivocal taxonomic identification and the insertion of individual exsiccates in the herbarium. The botanical material was pressed and the local of collections and the ethnobotanical data were recorded in the book of field annotation. The plant material for distillation of essential oil was transferred to the laboratory in plastic bags with permanent aeration, for up to five days, weighing an average of 2 kg, enough time for the occurrence of a prior drying. The plant samples were deposited in herbaria of INPA and MPEG. The botanical material was recorded in the books of the laboratory receiving an identification number. It was then dried at room temperature for another 48 h, with natural ventilation, weighed and subjected to hydrodistillation using a Clevenger-type apparatus, or submitted to simultaneous distillation-extraction on Lickens-Nickerson apparatus, using n-pentane as organic solvent. The oil was centrifuged, dried in the presence of anhydrous sodium sulfate and calculated your yield based on the moisture content of the plant. The oil was stored in glass vials or ampoules of amber, using flow of nitrogen to remove oxygen from the air and avoid the risk of self-oxidation. The oil was kept in a refrigerated environment at temperature of 5 °C. The yield data were registered in the book of the laboratory.
Two gas chromatographs coupled to quadrupole mass spectrometers (GC-MS, Finnigan Mat model Incos-XL and Thermo model DSQ II) were used in the analysis of essential oils, equipped with silica capillary columns (DB-5 and DB-5 ms , 30 m x 0.25 mm i.d., film thickness of 0.25); carrier gas helium, adjusted to provide a linear velocity of 32 cm/s (measured at 100 °C); the injector temperature to 220 °C; type of injection, splitless, 1 µL of a solution of n-hexane 2:1000; temperature programmed for 60-240 °C, with gradient of 3 °C/min; split flow was adjusted to give a 20:1 ratio; septum sweep was a constant 10 mL/min; EIMS: electron energy, 70 eV; ion source temperature and connection parts : 200 o C. The filter quadrupole swept the range of 40 to 450 daltons every second and the resulting spectra were stored on disks for later analysis. The quantitative data of the volatile constituents were obtained by peak area normalization using two gas chromatographs (HP model 5890-II and Thermo Focus) operated with flame ionization detectors, under the same GC-MS conditions, except for the carrier gas that were hydrogen and nitrogen, respectively. Individual components were identified by comparison of both mass spectrum and GC retention data with authentic compounds previously analyzed and stored in the data system. 15, 16 Other identifications were made by comparison of mass spectra with those existing in the data system libraries and cited in the literature. [17] [18] [19] The retention index was calculated for all volatiles constituents using an n-alkanes homologous series.
resUlts anD DiscUssion the inventory of the aromatic flora
With respect to the inventory of aromatic flora were more than 500 field trips, which resulted in the collection of some 3,000 specimens of plants in different localities and ecosystems in the Amazon region. More than 95% of the specimens are collected with their full botanical determination, properly recorded and deposited in herbaria of INPA and MPEG. Totais  2495  212  251  2958 in Roraima, 142 in Mato Grosso and 126 in Amapá, totalizing 2958. Figure 1 shows the distribution by state of these collections. The 12 main families of aromatic plants that predominate in the region are (in descending order): Piperaceae, Asteraceae, Myrtaceae, Lamiaceae, Annonaceae, Lauraceae, Euphorbiaceae, Verbenaceae, Scrophulariaceae, Anacardiaceae, Burseraceae and Rutaceae.
The material was collected from various parts of the plant (leaves, wood, bark, fruit, flower), providing essential oils with very different characteristics. In this sense, more than 2,000 essential oils were obtained in different periods and with the support of various national and international agencies, as shown in Table 1 . Lately, it was closed the 5th stage of the inventory, with the support of Biodiversity Program (PPBio) of MCT / CNPq.
Below are some results from the analysis of the essential oils which are part of the information in the database.
The volatile components identified in the cipó-de-alho (Adenocalymma aliaceum Miers, Bignoniaceae) are structurally similar to those found in garlic and onions, with predominance of compounds with atoms of sulfur as allyl disulfide and allyl trifulfide, among those with the highest percentage. 20, 21 O cipó-de-alho is used as a substitute for garlic and in the alternative medicine of the Amazon population. 22 Another species of the region that has an essential oil with the same characteristics is the mucura-caá (Petiveria alliacea L., Phytolaccaceae). 21, 22 The species known as vindicar [Alpinia speciosa (Wendl) Schum., Zingiberaceae] is used as spasmolitic and hypotensive, having also the reputation as cardiovascular and central nervous system depressant. 22 The monoterpenes limonene, terpinen-4-ol, α-terpinene and p-cymene were the major components found in its volatile oil. 23, 24 The species Ambrosia artemisiafolia L. A. microcephala DC.,
Ichthyothere terminalis (Spreng.) Malme and I. cunabi Mart. (Asteraceae) are used as insect repellent by Amazonian fishermen in lakes infested with mosquitoes. 22 This action is attributed to the monoterpenes and sesquiterpenes hydrocarbons that were identified in their essential oils. [25] [26] [27] The main compounds identified in the essential oil of cascapreciosa (Aniba canellila (HBK) Mez, Lauraceae), were 1-nitro-2-phenylethane and methyleugenol. 28, 29 The popular name of the plant is due to the smell of its bark which is similar to cinnamon (Cinnamomum zeylanicum Blume, Lauraceae) and its use in regional perfumes. The bark and trunckwood are used to relieve stomach pain, flatulence and have antispasmodic action. 30 Nitro derivatives in nature are rare and few have been identified in plants. 31 The essential oil showed cardiovascular activity in rats. 32 The methanol extract of trunkwood presented high antioxidant activity. 33 The species of rosewood (Aniba rosaeodora Ducke and A. duckei Kosterm., Lauraceae), already mentioned, provide oil rich in linalool (85-90%), the monoterpene alcohol precursor of linalyl acetate, used in industry for perfumes. 22, [34] [35] [36] The oil of macacaporanga (Aniba fragrans Ducke, Lauraceae) contains linalool at lesser percentage (30-50%) 22, 37 and the wood of the plant is used for the manufacture of sachets, sold in craft shops in the town of Belém (PA). The oil from leaves and barkwood of sacaca (Croton cajucara Benth. Euphorbiaceae) and from catinga-de-mulata (Aeollanthus suaveolens Mart. Ex Spreng, Asteraceae) have also linalool (30-50%). 22, 34, [38] [39] [40] The barkwood of sacaca are used to reduce the cholesterol and to loss weight. 22 The entire plant of catinga-de-mulata is used as anticonvulsant and in the control of epilepsia. 41 The main constituents found in the oil of puchuri-pequeno [Aniba puchury-minor (Mart.) Mez] were elemicin, miristicin, methyleugenol, (E)-asarone and (Z)-asarone. 22, 42, 43 The essential oil has a moss-woody fragrance.
The species known as laranjinha (Calyptranthes spruceana Berg., Myrtaceae) presents two chemical types evidenced by their essential oils. One of them rich in limonene, perilalldehyde, geranial and neral, and the other dominated by α-and β-pinene, geranial and neral. 44, 45 The optical rotation of the two oils has showed opposite signals, indicating its enantiomeric forms. The leaf tea of this species is used by riparian populations against the stomach ailments. 22 The species known as hortelã-da-folha-graúda (Coleus amboinicus Lour., Asteraceae) is used as condiment in local cuisine, to relieve headache and other pains in the body, and possess analgesic property. 22 Its oil is rich in carvacrol (45-60%), an aromatic compound renowned for its antimicrobial activity. 46, 47 The herbaceous known as pataqueira (Conobea scoparioides Benth., Scrophulariaceae) has aquatic habit and is used in the preparation of aromatic baths in the Saint John festival. The main components of oil are thymol and its methyl ether, known for its antimicrobial action. 22, 48, 146 The oil and methanol extract of pataqueira showed sig- nificant antioxidant activity, indicating its future use as a food supplement. 49 An international company has shown great interest in the oil of this plant to make new fragrance, in this sense we are studying the possibility of it being exploited by hydroponic cultivation.
The oil of the species known as erva-de-são-joão (Eupatorium maximilianii Schrader, Asteraceae) was identified by a perfumer as having an excellent bouquet, appropriate for the composition of new fragrances. 25 The species known as Japana-branca e japana-roxa (Eupatorium triplinerve Vahl), represented by two specimens morphologically distinct, is indicated to treat diseases such as cholera, tetanus and leprosy. 22 The main component identified in their volatile oils was 2,5-dimethoxy-p-cymene (64%). 50 The plants known as benguê (Faramea anisocalyx Poepp. & Endl., Rubiaceae; Parkia oppositifolia Spreng ex Benth., Fabaceae) provide essential oils with high levels of methyl salicylate (53-71%). 51, 52 The leaves and bark of these plants are used in the treatment of flu and cough by the riverside population in the Amazon region. 47 The main constituent of essential oils found in several species of Hyptis (Lamiaceae) was the 1,8-cineole (24-37%). [53] [54] [55] [56] The salva-domarajó (H. crenata Pohl ex Benth.) is a plant endemic to the natural fields of the island of Marajo and is used as a diaphoretic, tonic and stimulating. 22, 57 The oil presents a bouquet involving odors of leaf green, wood and citrus, suggesting it to the industry of fragrance. The methanol extract of salva-do-marajó showed significant antioxidant activity. 58 We found some chemical types for the species known as chumbinho (Lantana camara L., Verbenaceae). These types have been identified by the different chemical composition of its oils, 59 besides the color of the flowers of the plant, much used in decoration of parks and public gardens.
The species known as erva-cidreira [Lippia alba (Mill.) N. E. Br, Verbenaceae] is used in the Amazon region to replace the Melissa officinalis L. (Lamiaceae) in digestive and respiratory problems, such as indigestion, flatulence and asthma. 22 Three chemical types of L. alba were identified according to the chemical composition of its oil, a type A rich in 1,8-cineole, carvone and limonene, a type B rich in limonene, carvone and germacrene D, and a type C rich in germacrene D and citral (a mixture in equal proportions of neral and geranial). 60 The citral is also the main constituent of M. officinalis, the real erva-cidreira.
The oil of erva-do-marajó (Lippia grandis Schau., Verbenaceae) presents thymol, its methyl ether and carvacrol as its main constituents. 61 The oil was tested against the protozoan Tripanossoma cruzii, responsible for Chagas disease, inhibiting 100% the growth of these pathogens, at low concentrations. The ethyl acetate extract showed strong antioxidant activity supported by high levels of phenolic compounds found in the plant. 62 Two chemical varieties of the species known as incense (Melampodium camphoratum Baker, Asteraceae) were identified. A variety rich in α-phellandrene and camphor, and the another dominated by terpinolene, limonene and δ³-carene. 63 The plant is used in the treatment of digestive and liver ailments. 22 Species of Ocimum (Lamiaceae) are used as flavoring in the Amazon cooking and have different flavors according to its main volatile components. In the essential oil of basilicão (O. basilicum L.) was thymol, o-cymene, 1,8-cineole and β-bisabolene, 22 in the oil of alfavaca (O. gratissimum L.) was methyleugenol, eugenol and p-cymene, 25, 64 in the oil of alfavaca-de-campo (O. micranthum Wiild.) was β-elemene, β-caryophyllene and isoeugenol 22, 25 , in the oil of manjericão (O. minimum L.) was (E)-methyl cinnamate and linalool in the chemical type A, and methylchavicol in the chemical type B. 22, 25 The olfactory analysis of the oil of erva-de-jabuti (Peperomia circinnata Link var. circinnata, Piperaceae) revealed a bouquet associated with vegetables, tea and salvia, appropriate to the industry of fragrances and cosmetics. The oil presents limonene, elemicin and cubenol as its main constituents. 22, 65 Aromatic compounds as elemicin, myristicin, apiole, dillapiole and safrole has been found also in other Amazon Peperomia species. 66, 67 The oil of P. rotundifolia (L.) Dahlst. showed high brine shrimp larvicidal activity (LC 50 = 1.9 ± 0.1 µg/mL). 67 Species of Piper (Piperaceae) that occur in the Amazon are rich in phenylpropanoids as safrole, dillapiole, miristicin, elemicin and 3.4-methylenedioxypropiophenone or in terpenes as β-caryophyllene, spathulenol, (E)-nerolidol, bicyclogermacrene and α-cadinol. Insecticide, fungicide, bactericide, larvicidal and molluscicidal properties are inferred to these species. The main constituent found in the pimenta-de-macaco (Piper aduncum L.) was the phenyl ether dillapiole. Many samples of P. aduncum were examined and the percentage of dillapiole remained in the range of 31-97%. 68 This essential oil was tested against pathogenic fungi and bacteria, in snails that host the protozoan Schistosoma mansonii, in phytophagous insects that infest the traditional cultures in the Amazon region (cocoa, rubber, pepper, banana) and in mosquitoes transmitting malaria and dengue. The oil of pimenta-de-macaco eliminate these pests, completely, in concentrations ranging from 50-600 ppm. [69] [70] [71] [72] In the sense to contribute for the management and plant domestication we have generated technologies for biomass field processing (distillation and drying) of Piper aduncum taking into account a commercial cultivation based on dillapiole-rich matrices. The oil yield mean was 2.5% with about of 85% of dillapiole during the processing. The biomass of dried leaf reached 20 ton hectare/year. 73 The essential oils of pimenta-longa and óleo-elétrico or panquilé (Piper hispidinervum C. DC and P. callosum Ruiz & Pav.) are rich in safrole (70-97%). 74 The safrole is precursor of products used in the industries of perfumes and natural insecticides, and is marketed in the international market of essential oils to US$ 5.00 per kilo. 75 For the pimenta-longa was established a production system in the field, generating technologies for cultivation and processing of the plant biomass. With these technologies was possible to obtain 750 to 1000 kilos of essential oil of pimenta-longa per hectare per year, 76 which could generate an income of US$ 1,875 to US$ 2,500 (per hectare per year), taking into account the production costs of 50%. No other culture in the Amazon region offers this income. The EMBRAPA tried to pass this technology to small producers of Pará and Acre states, however, does not take into account the important aspects of the plant cultivation and processing of biomass. First, because it was used seeds to the plant propagation, rather than clones, leading to the reduction in the level of safrole to a value below that required by the industry. Second, because were used drying and distillation inadequate systems for the oil processing, that it is more dense than water, leading to an oil yield in below expectations. These results reduced the interest of producers by the cultivation and processing of the plant, which means that it will be necessary a hard work to convince them for this alternative agriculture in the Amazon region.
The main constituents of the essential oil of Piper divaricatum Meyer are eugenol (2.0-46.0%) and methyleugenol (17-93%). 22, 77, 78 The oil yield in this plant is also significant, around 3.0%. The vegetative propagation by both seeds or cuttings (clones) is quite simple. A system of cultivation for this species could be similar to those already established for P. hispidinervum and Piper aduncum. However, the methyleugenol has been used with restrictions in the formulation of fragrances, with the suspicion of being cytotoxic. In revisions of the genus Piper, this species is presented as synonymous with Piper colubrinum Kunth. The analysis of essential oil of some specimens of P. colubrinum showed that its chemical composition is formed entirely by terpenoids, therefore completely different from that of P. divaricatum. Based on these results it was possible to ensure that they are two distinct species. 78 The oil of P. divaricatum showed a significant DPPH scavenging activity (EC 50 of 16.2 ± 1.9 mg mL -1 ), which means it has a high antioxidant capacity in comparison to Trolox (EC 50 of 4.9 ± 1.1 mg mL -1 ) and BHT (EC 50 of 3.6 ± 0.1 mg mL -1 ) used as synthetic standards. 78 Twenty-two leaf samples of caapeba-cheirosa (Piper marginatum Jacq.) were collected in different areas and ecosystems of the brazilian Amazon. The species present a large synonymy based in their different leaf characteristics and distinct scents where some of them smell anise or like very close compounds. Using GC, GC-MS and cluster analysis we identified seven chemotypes for the leaf oils. [79] [80] [81] The main components found in chemotype I were safrole and 3,4-methylenedioxypropiophenone. The chemotype II was dominated by p-mentha-1(7),8-diene and 3,4-methylenedioxypropiophenone. The major compounds identified in chemotype III were 3,4-methylenedioxypropiophenone, myristicin, (E)-β-ocimene and γ-terpinene. In the chemotype IV the principal constituents were 3,4-methylenedioxypropiophenone, β-caryophyllene and α-copaene. The chemotype V was dominated by trans-isoosmorhizole, (E)-anethole and isoosmorhizole. The main compounds found in the chemotype VI were 2-methoxy-4,5-methylenedioxypropiophenone, trans-isoosmorhizole and the isomer methoxy-4,5-methylenedioxypropiophenone. The major constituents in chemotype VII were β-caryophyllene, bicyclogermacrene and (E)-asarone. In the popular medicine of Amazon the plant is used as tonic, stimulant, diaphoretic, diuretic, liver ailments and snakebite. 22 Cercaricide property was atributted to the oil and leaves of caapeba-cheirosa. 82 The sesquiterpenes β-caryophyllene and germacrene D predominate in the oils of caapeba [Pothomorphe peltata (L.) Miq. and P. umbellata (L.) Miq., Piperaceae]. 83 These species are used in internal and external inflammations. 22 The monoterpenes α-pinene and β-pinene, sabinene, β-phellandrene and α-terpinolene are the main compounds identified in the essential oils from leaves of breu [Protium paraense Cuatr., P. spruceanum (Benth.) Engl., P. heptaphyllum (Aubl.) March. and P. subserratum Engl., Burseraceae]. 22, [84] [85] [86] [87] The species of Protium produces resins that are exudates from the trees after injury in their trunks made by birds and animals. The resins are used to prepare incense and to aromatize clothes and wardrobes. 22 The oil of Tetragastris panamensis (Engl.) Kuntz (Burseraceae) has the same characteristics observed for the Protium species. 86 The oil from the leaves and fruits of capitiú (Siparuna guianensis Aubl., Monimiaceae), presents a "animal note", according to the perfumer who carried the olfactory analysis, which would be used in the fragrance industry, depending on a rational system of cultivation for the species. This plant is the size of a shrub with rapid growth and the oil of the leaves showed a yield of 1.8%. We identified some chemical types for S. guianensis, after the analysis of the oils. The oxygenated sesquiterpenes atractilone, germacrone, epi-α-bisabolol and spathulenol were the main components identified in the studied varieties. 88 The Waiãpi Indians from the Amazon use the leaves of ucuuba (Virola surinamensis (Rol) Warb., Myristicaceae) as remedy for malaria. Its biological action is attributed to (E)-nerolidol, a sesquiterpene oxygenated existing in their essential oil. 89 Among the collected species, some have high oil yield and high content for major volatile components. Oils with these characteristics are required by the international market. Table 2 lists some species that meet this demand.
As mentioned before, the inventory covers several Amazonian ecosystems. The first two phases (1980-1995) of the inventory were dedicated to survey aromatic species occurring in areas of forest, lowland and igapó, besides the campinaranas located in these ecosystems and that arose by intensive use of land by the indians in the recent past.
The third and fourth phases (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) of the inventory were devoted to the inventory of the aromatic flora of savannas and natural fields of the Amazon. The works of chemosystematic and phytogeography of Gottlieb and colleagues (1995) 90 indicate the Brazilian savannas as richest in number of species in the Amazon and Atlantic rain forest, and also with more expressive chemism (based on the variety of classes of compounds derived from secondary metabolism plants). In inventories of Amazonian savannas we prove this hypothesis. In fact, the diversity of aromatic and medicinal plants (shrub and herbaceous size) in savannas and natural fields of the states of Mato Grosso, Roraima, Amapá, Tocantins, Maranhão and Pará (including Marajo Island) is much higher than that presented by the forest, lowland and igapó, in all Brazilian Amazon.
In savannas and natural fields were collected more than 1,500 specimens, resulting in the achievement of several oils with high content and excellent fragrance, offering a good indication for the cosmetics industry. A feature observed for these oils was the occurrence of a large number of volatile components, unlike those with occurrence in forest ecosystems, where there is a predominance of a few major constituents. A positive aspect in the inventory and use of aromatic flora of savannas is the fact that they are species of fast growing cycle, which allows less time devoted to its domestication and management. On the other hand, working with species of tree size demand a much greater time to his economic recovery, when the issue is analyzed The fifth phase of the inventory was directed to the re-collection of species/specimens that showed significant results, being by the high yield in essential oil, or because the analyzed chemical composition was evidenced by the presence of major compounds of economic value, or even because the mixture of volatiles proved to be unusual. In this sense, the work was directed again to areas of savannas and natural fields previously raised.
Database of the aromatic plants and their essential oils
The Database of Aromatic Plants of the Amazon is structured to running in SQL Windows, aimed at giving greater compatibility with other databases of botanical and phytochemical, existing in other institutions. Figure 2 shows a flow sheet with available informations in the database, that currently has over 500 species and about 1,250 entries (specimens).
An example of how the database is presented can be seen with the data of erva-cidreira (Lippia alba, Verbenaceae), which are found in Figures 3-6 . The Database provides access to four main fields: General information (provides scientific names and the authors, families, geographical distribution, habits, common names, habitat and photographs of the plant), characteristics and aspects (provides botanical, agronomic, environmental and economic data of the plant), popular Uses and references (shows the use of the popular applications based on ethnobotanical survey and bibliographic references of the plant) and samples and products (shows the samples of the plants, the places of collection, if it is an oil or aroma, and the chemical composition and chromatograms). The database also provides a complete report with all data of the plant, or individual reports of data in each of the four main fields.
There are several specimens registered in the database, many of them for the same species, identified as different chemical types. The erva-cidreira, exemplified above, has three chemical types records in the database. 60 In the type A predominate 1,8-cineole, limonene, carvone and sabinene; in the type B limonene, carvone and myrcene; and in the type C neral, geranial, germacrene D and β-caryophyllene. It is very likely to identify different varieties based on chemical analysis of their essential oils. This is due to environmental differences in the places where occur these specimens, generally distant from one another.
Integrating the Database of Aromatic Plants of the Amazon there is a bank of essential oils that is kept in refrigerated environment. This bank of oils is often subjected to olfactory analysis by experienced perfumers. In this sense, for oils with a yield above 1% were generated data for their possible use in the industry of fragrances and cosmetics. The Table 3 records some examples of essential oils with economic potential for the composition of new fragrances.
As mentioned above, the database has information about 500 species, which account for more than 1,250 specimens, many with unique information about the chemical composition of their essential oils. We publish data on chemical composition of essential oil of about 350 species, as seen in Table 4 . In respect of data from other species that make up the database, we can provide some information by e-mail addresses: gmaia@ufpa.br and eloisandrade@ig.com.br. Piper marginatum: spices, honey, cardomon, anise.
Ocimum micranthum: cypress, lightly camphor, fruit scent.
Lippia lupulina: green, bitter, roots, land, mould, woody.
Baccharis tridentata: thujone, tagetes, tenaisic, bitter almond.
Lantana camara: mentha, cypress, green, bitter, mint, tea, salvia, woody.
Lippia citriodora: mentha, carvone, mint, thyme, carvacrol.
Lippia grandis: laurel, humus, thymol, carvone.
Lippia grandulosa: carvacrol, thymol, strong.
Costus sp: thyme, alecrim, salvia, anise.
Mikania lindleyana: green leaf, absinthium, animalized note, anise.
Eupatorium conyzoides: mustard seed, piquant.
Protium heptaphyllum: pinene, resin, incense, sandalwood.
Humiria balsamifera: roots, woody, vetiver, cedar.
Ocotea fasciculata: woody, cedar, roots, fruit scent, linalyl.
Aniba fragrans: floral, citrus, linalool, linalyl, citronelol. 
